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, ( ) u} ,
$\ovalbox{\tt\small REJECT}.\frac{\partial u}{\partial t}+L[u]-V’(|u|^{2})u=0$ , (1)
. $L[u]$ ,
$L[u]=\alpha_{2^{\frac{\partial^{2}u}{\partial x^{2}}}}+\cdot\alpha_{3^{\frac{\partial^{3}u}{\partial x^{3}}}}+\alpha_{4^{\frac{\partial^{4}u}{\partial x^{4}}}}+\cdots$ ( $\alpha_{j}$ ) (2)
. $V’(|u|^{2})$ ’ . , (1)
$(1+1)$- , 2, 3 Symplectic
.
$\text{ }$ Schr\"odinger $\text{ }$ ,
$\mathrm{i}\frac{\partial u}{\partial t}+\frac{\partial^{2}u}{\partial x^{2}}+2|u|^{2}u=0$ , (3)
. , (1)
$H$ $=$ $H_{1}+H_{2}$ (4)
$H_{1}$ $=$ $(- \mathrm{i})\int[\alpha_{2}|\frac{\partial u}{\partial x}|^{2}+\mathrm{i}\frac{\alpha \mathrm{a}}{2}(\frac{\partial u^{*}}{\partial x}\frac{\partial^{2}u}{\partial x^{2}}-\frac{\partial u}{\partial x}\frac{\partial^{2}u^{*}}{\partial x^{2}})-\alpha_{4}|\frac{\partial^{2}u}{\partial x^{2}}|^{2}+\cdots]dx$ (5)
$H_{2}$ $=$ $(- \mathrm{i})\int V(|u|^{2})dx$ (6)
, (1) $\}$ (4) Hamilton ,
$\frac{\partial u}{\partial t}=\frac{\delta H}{\delta u^{r}}$ , $\frac{\partial u^{*}}{\partial t}=-\frac{\delta H}{\delta u}$ (7)
. $\delta/\delta u$ , $I= \int f(u, u_{x}, u_{xx}, \ldots)dx$




. , Schr\"odinger (3) Symplectic [5]
.
2Symplectic
Symplectic , Hamilton Symplectic
$[2,3]$ . , (4) 2 , $H_{1},$ $H_{2}$
( ) , Symplectic
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. 1 $H$, $\tau$ , $H_{2}$
$\tau$ ( ) 1
. $A,$ $B$
$\exp[\tau(A+B)]=\exp[\tau A]\exp[\tau B]+O(\tau^{2})$ (9)
. $A,$ $B$ $H_{1},$ $H_{2}$ Poisson
$A:=\{\cdot, H_{1}\},$ $B:=\{\cdot, H_{2}\}$
. (9) $\exp[\tau(A+B)]$ , $\exp[\tau A]\exp[\tau B]$ $H_{1}$ $H_{2}$
, $O(\tau^{2})$ ,
$S_{1}(\tau):=\exp[\tau A]\exp[\tau B]$
1 ( ) . , ,






. $H_{1}$ $(\tau/2),$ $H_{2}$ $(\tau)$ , $H_{1}$ $(\tau/2)$ 1




[6]. 4 3 2
$S_{4}(\tau):=S_{2}(x\tau)S_{2}((1-2x)\tau)S_{2}(x\tau)$
. $x=1/(2-2^{1/3})$ . 6
$S_{6}(\tau)$ $:=$ $S_{2}(y_{3}\tau)S_{2}(y_{2}\tau)S_{2}(y_{1}\tau)S_{2}(y_{0}\tau)$
$\cross S_{2}(y_{1}\tau)S_{2}(y_{2}\tau)S_{2}(y_{3}\tau)$
. $y_{0},$ $y_{1},$ $y_{2},$ $y_{3}$






3, (1) $\}$ Symplectic . ,
(5), (6) Hamilton
.$\frac{\partial u}{\partial t}$ $+ \alpha_{2}\frac{\partial^{2}u}{\partial x^{2}}+\cdot\alpha_{3}\frac{\partial^{3}u}{\partial x^{3}}+\alpha_{4}\frac{\partial^{4}u}{\partial x^{4}}+\cdots=0$ (10)











. Symplectic $(u_{j}, u_{j}^{*})$
. , ( )Fourier
. ri Fourier $F$
$u_{j}=F( \hat{u})=\frac{1}{\sqrt{N}}\sum_{m}\hat{u}_{m}\exp(\frac{2\pi \mathrm{i}jm}{N})$ (14)
$\hat{u}_{m}=F^{-1}(u)=\frac{1}{\sqrt{N}}\sum_{j}u_{j}\exp(-\frac{2\pi \mathrm{i}jm}{N})$ (15)
, (10)
$u_{j}(t+\Delta t)=F[\exp\{-\mathrm{i}(\alpha_{2}k_{m}^{2}-\alpha_{3}k_{m}^{3}-\alpha_{4}k_{m}^{4}+\cdots)\Delta t\}F^{-1}(u(t))]$ (16)
$(k_{m}=2\pi m/L, x_{j}=Lj/N)$ , (11) ,
$u_{j}(t+\Delta t)=u_{j}(t)\exp[-\mathrm{i}V’(|u_{j}(t)|^{2})\Delta t]$ (17)
. Fourier (14), (15) $(u_{j}, u_{j}^{*})rightarrow(\hat{u}_{m},\hat{u}_{m}^{*})$
, (16) $(u_{j}(t),u_{j}^{*}(t))arrow(u_{j}(t+\Delta t), u_{j}^{*}(t+\Delta t))$
. , (17) . , $H_{1}$ $H_{2}$
(1) 1 Symplectic .
4
,
$\mathrm{i}\frac{\partial u}{\partial t}+\alpha_{2^{\frac{\partial^{2}u}{\partial x^{2}}}}+\mathrm{i}\alpha s^{\frac{\partial^{3}u}{\partial x^{3}}}+\beta_{1}|u|^{2}u+\beta 2|u|^{4}u=0$ , (18)
. $\alpha_{2}=1.0,$ $\alpha_{3}=0.7,$ $\beta_{1}=2.0,$ $\beta_{2}=1.0$ .
4 symplectic (SI4) 4 Runge-Kutta (RK4)
2 . $4$ Runge-Kutta ,
FFT , 4 Runge-Kutta .
.
190
: $-25\leq x\leq 25,$ $(L=50)$ $N=256$ ( )
: $0\leq t\leq 1\mathrm{O}\mathrm{O}\mathrm{O}$ $\Delta t=0.00025(\mathrm{S}\mathrm{I}4)$ $\Delta t=0.00005(\mathrm{R}\mathrm{K}4)$ .
: $u(x, \mathrm{O})=\exp(\mathrm{i}0.8x)\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}(x)$
: $C_{j}=[I_{j}(t)-I_{j}(0)]/I_{j}(0)$
$I_{1}(t)$ $=$ $\int|u|^{2}dx$ (19)
I2(t) $=$ $\int Im[u\frac{\partial u^{*}}{\partial x}]dx$ (20)
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$T=1\mathrm{O}\mathrm{O}\mathrm{O}$ $|u|$ Fig 2 . Fig 2 SI4
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Symplectic $(C_{3})$ [4]. ,
1 ’
$.\mathrm{m}\uparrow.-$ $.\infty nr-$
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, $C_{2}$ .
, $\mathrm{R}\mathrm{K}4$ $C_{j}(j=1,2,3)$ Fig $.6\sim \mathrm{F}\mathrm{i}\mathrm{g}.8$ . $\mathrm{R}\mathrm{K}4$ , $\ovalbox{\tt\small REJECT}$
, $C_{1}$ , $C_{2},C_{3}$
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5, (1) Symplectic $\mathrm{A}$ $\mathrm{a}$ , ,
. , 4 ( )Runge-Kutta Symplectic
, . ,
Symplectic , .
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